During gynaecological laparoscopic surgery, alterations in cerebral blood flow and intracranial pressure are frequently reported. These changes affect cerebral perfusion pressure and thus may affect cerebral oxygenation. In this prospective study, the effect of gynaecological laparoscopic surgery on cerebral oxygenation was examined by following the changes in regional cerebral oxygen saturation (rSO 2 ). Twenty-four female patients were enrolled. The mean rSO 2 was 65.5 ± 5.4% at baseline before surgery, 60.8 ± 5.6% when the patient was placed in the Trendelenburg position, 57.1 ± 9.3% after creation of pneumoperitoneum, and 64.0 ± 7.3% after the completion of surgery. During the period of pneumoperitoneum, rSO 2 fell below 50% in two hypercapnic patients. In comparison with baseline, rSO 2 declined significantly in the Trendelenburg position. The creation of pneumoperitoneum itself did not decrease the average rSO 2 value further unless the patients were hypercapnic.
Introduction
In recent years, various gynaecological procedures have been performed laparoscopically. Laparoscopic gynaecological surgery requires a deep Trendelenburg position and the creation of an artificial pneumoperitoneum by carbon dioxide insufflation. This entails not only cardiovascular, 1 respiratory 2 and metabolic change, 3 but also alteration in cerebral physiology. The Trendelenburg position and carbon dioxide pneumoperitoneum have been reported to increase intracranial pressure (ICP) 4 -7 and to alter cerebral blood flow (CBF) or volume (CBV). 8 -10 The changes in ICP, CBF or CBV affect cerebral perfusion pressure. 11 By changing cerebral haemodynamics, gynaecological laparoscopic surgery may therefore have an effect on cerebral oxygenation. To the authors' knowledge, however, this effect has not been investigated. This prospective observatory study was performed to evaluate the effect of gynaecological laparoscopic surgery on cerebral oxygenation by means of the change in regional cerebral oxygen Cerebral oxygenation during gynaecological laparoscopic surgery saturation (rSO 2 ) measured with nearinfrared spectroscopy.
Near-infrared spectroscopy, based on the difference in the relative transparency of biological tissue to near-infrared light, measures the ratio of oxyhaemoglobin to total haemoglobin in the field beneath the sensor. This ratio is expressed as a percentage value of rSO 2 . 12,13 It is used widely in patients undergoing various procedures, including neurosurgery and cardiac surgery, 14 -16 because it provides real-time information about the level of cerebral tissue oxygenation in a non-invasive way.
Patients and methods

PATIENTS
Female patients who were scheduled for gynaecological laparoscopic surgery under general anaesthesia were admitted to this prospective observatory study. Exclusion criteria were as follows: age > 60 years, and a history of any systemic disease, such as hypertension, diabetes mellitus, hepatic disease, renal disease and neurological disease. Ethical approval for the study was given by the review boards of Seoul National University Hospital and Ewha Women's Hospital and all patients gave written informed consent before enrolment.
METHODS
The anaesthetic method was standardized. General anaesthesia was induced with thiopental sodium (4 -5 mg/kg), and vecuronium (0.1 -0.15 mg/kg) was given to facilitate tracheal intubation. Both drugs were given by intravenous injection. The lungs were ventilated with a 50% mixture of oxygen and air to obtain an end-tidal carbon dioxide tension of 32 -37 mmHg. A radial artery was cannulated for continuous blood pressure monitoring and blood sampling for gas analysis. Anaesthesia was maintained using 1.0 -1.5 vol% of isoflurane by inhalation. After induction of general anaesthesia, the patient was arranged in a low lithotomy position and a Trendelenburg position of 15°. Pneumoperitoneum was then created by carbon dioxide insufflation into the peritoneal cavity. Intra-abdominal pressure was maintained automatically at the desired level (12 -15 mmHg) during surgery.
MEASUREMENTS
During surgery, rSO 2 was monitored continuously using near-infrared spectroscopy (INVOS ® 4100; Somanetics, Troy, Michigan, USA). The value of rSO 2 was monitored by a researcher, and the attending anaesthetist was not aware of the value of rSO 2 except when it fell below 50%. Heart rate, mean arterial pressure and cardiac output were also monitored. Cardiac output was measured with an oesophageal Doppler probe (CardioQ™; Deltex, Chichester, UK).
These parameters were recorded at the following time points: (T 0 ) baseline, after induction of anaesthesia, with the patient in a neutral position; (T 1 ) 10 min after the patient had been placed in the Trendelenburg position; (T 2 ) 30 min after creation of pneumoperitoneum; and (T 3 ) after completion of surgery, when the patient was placed in a neutral position. Any instance of severe reduction in rSO 2 (rSO 2 < 50%) was recorded during the study. Arterial blood gas analysis was performed in each period. Any abnormality on neurological follow-up was recorded.
STATISTICAL ANALYSIS
It was decided to aim for a power of 80% at the 5% significance level. The mean value of rSO 2 was estimated at 65%, based on previous reports. 16, 17 To identify a change in rSO 2 value of more than 5% between the Values are mean ± SD. T 0 , after induction of anaesthesia (baseline); T 1 , 10 min after placing in the Trendelenburg position; T 2 , 30 min after the creation of pneumoperitoneum; T 3 , after completion of surgery (patient still under anaesthesia). PAO 2 , arterial partial pressure of oxygen; PACO 2 , arterial partial pressure of carbon dioxide. a P < 0.05 versus baseline value (T 0 ).
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Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS ® for Windows ® version 11.0; SPSS Inc., Chicago, Illinois, USA). The data obtained at each time point were compared with the baseline value using the Kruskal-Wallis test. P-values < 0.05 were considered to be statistically significant. Data are expressed as mean ± SD or range.
Results
Twenty-five female patients were enrolled in this study. In one patient, the surgical method was changed to laparotomy. Consequently, the results from 24 patients were analysed. The clinical characteristics were as follows (mean ± SD): age, 43.5 ± 10.3 (20 -55) years; weight, 59.5 ± 9.2 (48 -87) kg; height, 159.3 ± 4.5 (150 -168) cm; duration of surgery, 96.5 ± 34.1 (45 -156) min. Table 1 shows the haemodynamic values and the results of arterial blood gas analysis for the 24 women during laparoscopic surgery. There were no differences between the T 1 , T 2 and T 3 values and the baseline (T 0 ) values, except for a small reduction in cardiac output at T 2 ; this reduction was statistically significant (P < 0.05) but not great enough to have clinical significance. The change in rSO 2 is shown in Fig. 1 . At T 1 and T 2 , rSO 2 had declined significantly in comparison with T 0 (P < 0.01). There was no significant difference in rSO 2 between T 1 and T 2 . At the end of surgery, rSO 2 returned to the baseline value in all patients.
Severe reduction in rSO 2 (rSO 2 < 50%) was observed in two patients, in both of whom it occurred during the period of pneumoperitoneum. One of these patients showed a value of 43% from a point 20 min after the creation of pneumoperitoneum. Her arterial blood gas analysis at that moment revealed mild hypercapnia (arterial partial pressure of carbon dioxide [PACO 2 ] = 47 mmHg). After the ventilator had been adjusted and normocapnia achieved, rSO 2 recovered to the level before pneumoperitoneum. In the other patient, the rSO 2 decreased steeply several minutes after the onset of pneumoperitoneum,
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falling below 40%. Arterial blood gas analysis revealed hypoxaemia and hypercapnia (arterial partial pressure of oxygen [PAO 2 ] = 58 mmHg, PACO 2 = 52 mmHg). The ventilator and inspired oxygen fraction were adjusted to correct arterial blood gases, but serial gas analysis showed a similar result, of PAO 2 below 60 mmHg and PACO 2 above 50 mmHg throughout the period of pneumoperitoneum. The patient's rSO 2 remained below 50% (43 -50%) throughout the operation. Post-operatively, she complained of a moderate degree of headache lasting 1 day. In the other patients, no neurological problems were observed.
Discussion
In this study, performed in patients receiving gynaecological laparoscopic surgery, the rSO 2 value decreased after adoption of the Trendelenburg position. The creation of carbon dioxide pneumoperitoneum did not pose an additional reduction in the average value of rSO 2 , although it caused severe reduction in rSO 2 (< 50%) in 8% (2/24) of patients in this study group.
A reduction in the rSO 2 value after adopting the Trendelenburg position is in line with previous findings. The head-down position causes an increase in ICP, CBF and CBV 18, 19 and a decrease in carotid artery blood flow. 20, 21 All of these factors can reduce cerebral perfusion pressure, which can have a detrimental effect on cerebral tissue oxygenation. 11 The reduction in rSO 2 during the period when the patient is in the Trendelenburg position can be explained by these mechanisms.
Although pneumoperitoneum has often been reported to alter ICP and CBF, 4 -10 it did not cause an additional change in the mean value of rSO 2 in the present study. This can be explained as follows. First, in patients with normal ICP, the carbon dioxide pneumoperitoneum itself does not have a deleterious effect on ICP. The increase in ICP during laparoscopy has been reported mainly in patients with intracranial lesions 6,22 and in animals with increased ICP. 4,7,23 On the other hand, in animals with normal ICP, the creation of pneumoperitoneum has been reported not to increase ICP. 7 Secondly, the alteration of CBF in association with pneumoperitoneum relates to hypercapnia itself rather than pneumoperitoneum. The change in CBF reported during pneumoperitoneum is accompanied by increased PACO 2 . 8 -10 When patients' arterial carbon dioxide levels are managed within the normocapnic range, the pneumoperitoneum does not cause any change in CBF. 24 In our study, the cerebral oxygenation level was maintained in patients whose PACO 2 was controlled within the normocapnic range. In contrast, in patients who failed to be maintained in normocapnia, the rSO 2 decreased severely. In other words, although the mean value of rSO 2 showed no statistically significant reduction, in patients whose arterial carbon dioxide tension increased cerebral oxygenation was impaired during the period of carbon dioxide pneumoperitoneum. As a value of rSO 2 below 50% has been reported to increase the risk of post-operative neurological problems, 25, 26 our findings suggest the importance of normocapnia during laparoscopic surgery from the viewpoint of cerebral oxygenation. A patient who showed marked hypercapnia during the operation suffered from headache post-operatively. Her headache, as was suggested by Cooke and Paterson-Brown, 27 may have been related to increased ICP in association with hypercapnia. This case also indicates that it is important to maintain normocapnia during gynaecological laparoscopic surgery.
In conclusion, during gynaecological laparoscopic surgery, cerebral oxygenation is decreased in association with the Trendelenburg position. The creation of pneumoperitoneum itself does not cause an additional effect on cerebral oxygenation if patients are maintained in normocapnia. However, cerebral oxygenation is impaired when patients are hypercapnic during the period of pneumoperitoneum.
